To evaluate the latex test for detecting distant serological relationships among plant viruses, latex coated first with antibody and then with virus was used to determine antiserum titres. In tests with latex coated with elongated viruses of the potato virus X group and with isometric viruses of the turnip yellow mosaic virus group the homologous titres of antisera were always much higher than in slide precipitin or agar diffusion tests. Usually, the heterologous titres were also increased and more heterologous reactions were found, especially when the pure y-globulin fraction was used instead of unfractionated sera, even though this y-globulin fraction contained relatively few antibodies.
INTRODUCTION
The suitability of the latex test for detecting plant viruses serologically has been reported in previous communications (Bercks, I967; Bercks & Querfurth, 1969) . Using latex coated with antibody (from dilute antisera or their y-globulin fractions), much lower virus concentrations could be detected than with the slide precipitin or agar double-diffusion tests. This paper describes experiments to find out whetber the latex test is also more sensitive than conventional serological tests for revealing distant serological relationships by detecting lower concentrations of cross-reactingantibodies. To prove serological relatedness and to obtain a rough estimate of its degree, it is necessary to use serial dilutions of antisera. Therefore, in contrast to our previous investigations, we attempted to adsorb the virus on to the latex. METHODS Antigens and antisera used are listed in Table I . A total of 85 sera was tested. The first experiments were done with unfractionated sera, but in most later experiments we used the fraction which precipitates when the serum is 40 % saturated with ammonium sulphate. A few experiments were done with the pure y-globulin fraction obtained by preparative electrophoresis on Cellogel blocks (Bercks & Querfurtb, I969) . Latex o.8I (Difco, Detroit, Michigan, U.S.A.) was used in all experiments. The antigen-coated latex was tested against threefold serial dilutions of antisera (I/3, I/9, etc.) in Perspex plates ,(I 8 x 14"5 cm.) with 80 holes, each hole receiving o'o5 ml. serum and o'o25 ml. latex. The plates were shaken for I5 min. using an IKA Shaker S 2o (Janke & Kunkel, Staufen i.Br., W. Germany), which produces an intense three-dimensional shaking effect. They were then kept at room temperature for various lengths of time. The first observation -with a magnifying glass if necessarywas made directly after shaking, the last one usually Izo rain. later. To minimize evaporation the plates were kept in plastic bags.
The results of the latex test were compared with those obtained in the slide precipitin and the agar-gel double-diffusion tests. In the slide precipitin test o'o3 ml. each of antigen-and antibody-containing solutions were mixed. After incubating for 45 min. at high humidity the results were read with a dark-field microscope at x 6o magnification. The agar-gel double-diffusion test was done in Petri dishes, 7 cm. in diameter, which were filled with 7 ml. ofo'85 % Difco Special Agar Noble containing o'o25 ~¢I-phosphate buffer pH 7"o and o'o5 % sodium azide. The reactant wells, 4 ram. in diameter, were spaced 2"5 ram. apart. The crosses indicate the test antigens. In addition, Io normal sera were tested.
RESULTS

Attempts to adsorb virus on to latex
In the first experiments we mixed latex with the viruses either in crude plant sap or in partially purified preparations. The following viruses (see Table I for explanation of abbreviations) were used: WCMV, HyRV, PVX, CYMV, AMV, BMV, SMV, TYMV. Various buffers, pH values, and concentrations of virus and latex were tested. The addition of various stabilizers was also tried. Mixtures of equal volumes of virus and latex suspensions were kept at room temperature for at least 3o min. with frequent shaking. After centrifugation for Latex test for distant serological relations 27 30 min. at 5000 g the sediment was washed with the same buffer as that used to dilute the virus. The sediment after another centrifugation at 5ooo g was suspended in the same volume of buffer as that originally used for the virus. These preparations were tested against serial dilutions of homologous and heterologous antisera. In some instances serum titres were as much as zoo times greater than those obtained in the slide precipitin or double-diffusion tests. In general, however, the results were unsatisfactory because many non-specific or negative reactions were obtained. We obtained more satisfactory results by adsorbing antigen indirectly via adsorbed antibodies ( Fig. I) . As in previous experiments for coating latex with antibody (Bercks, I967), the latex was treated with very dilute antisera. Homologous antigen was then added in such excess that the flocculation of the latex particles was prevented, although the virus was bound to the adsorbed antibodies and thus indirectly to the latex.
The antibody preparations used in the adsorption were unfractionated antisera, the fraction precipitated by 40 % saturation with ammonium sulphate, or the pure y-globulin fraction. The antisera or antiserum fractions used had no detectable antibodies against normal plant proteins in the slide precipitin or double-diffusion tests. Antigens used for adsorption were purified virus preparations or even plant saps, provided that the virus concentration was sufficient, and about ten times less virus could be detected than in the slide precipitin or double-diffusion tests. For the controls, normal proteins of different host plants were adsorbed on to latex with their respective antisera. Antigen-coated latex was also tested with antisera against normal proteins. If flocculation occurred in any of these controls, the preparation was not used in further experiments.
The sera or serum fractions were diluted to their end-points in slide precipitin or doublediffusion tests, using o'o5 M-tris-HC1 buffer, pH 7"2, and ~ vol. mixed with I vol. of diluted latex suspension (I part latex + 14 parts o. r 5 M-NaC1). After incubating at room temperature for 3o min. with frequent shaking, the mixture was centrifuged for 3o min. at 5ooo g and the R. BERCKS AND G. QUERFURTH sediment washed twice by resuspending it in tris+HC1 buffer containing 2oo mg./1, of polyvinylpyrrolidone (PVP) and centrifuging it for 3o min. at 5o00 g. The sediment was finally resuspended in I vol. tris + HC1 + PVP buffer and sodium azide added to o'05 % (w/v).
One volume of this antibody-coated latex suspension was mixed with one volume antigen suspension and kept at 4 ° overnight. It was then centrifuged for 30 rain. at 5000 g and the sediment washed three times with the tris + HCI + PVP buffer, as before. The sediment was finally resuspended in I vol. tris + HC1 + PVP buffer. The repeated washings were necessary to remove unbound antigen from the solution.
To test the stability of the antigen-coated latex, preparations coated with AMV, APLV, BMV, PVX, or TYMV were kept at 4 ° for 3 or 4 months. Their serological activity remained unchanged.
Reactions with elongated viruses
Latex preparations indirectly coated with viruses of the potato virus X group (WCMV, HyRV, PVX, CaVX, and CYMV) were tested against most of the antisera listed in Table I . Sensitized preparations of AMV, BMV, SMV, TYMV, and normal host proteins of Chenopodium quinoa and Nicotiana tabacum served as controls. Flocculations were observed only with mixtures of homologous reactants or with those heterologous ones which were expected to react. With homologous antisera the flocculation usually appeared more quickly with the more concentrated antisera than with the dilute. Flocculation with heterologous antisera was usually slower -occasionally taking more than 2 hr -and tended to be weaker.
The homologous and heterologous reactions of I8 antisera against viruses of the PVX group are summarized in Table 2 . The homologous titres were always much larger than those obtained in the slide precipitin test. The greatest increase was 2oo-fold (WCMV-antiserum no. 5). With some heterologous reactions titres were also definitely greater than in all previous experiments using the slide precipitin test with a great number of antisera (Bercks & Brandes, I96I; 2963; Brandes & Bercks, I962/3) . With others, however, they were not. With I8 different antigen-antiserum combinations no reactions were observed. CYMVantiserum no. I, for example, did not react heterologously, and CaVX-antiserum no. 2 reacted heterologously only in one case. The homologous titres of these antisera were not less than normal.
To check whether the heterologous reactivity of some antisera could be improved by fractionation, latex tests were done with (i) complete antisera, (ii) the fraction precipitated when 4o % saturated with ammonium sulphate and (iii) the pure y-globulin fraction. Tests set up in comparison with the slide precipitin test (Table 3) showed that with all three kinds of antibody preparation, both the homologous and heterologous titres were much higher in the latex test than in the slide precipitin test. Of 24 antigen-antiserum combinations that did not react in the slide precipitin test, I I reacted in the latex test; eight of these combinations using the y-globulin fractions, despite low titres caused by the method of fractionation (Bercks & Querfurth, 1969) . For example, in the slide precipitin test the y-globulin fraction of the CYMV-antiserum had a homologous titre of 1/24 and did not react heterologously, whereas in the latex test it reacted with all viruses of the PVX-group tested. The relatively strong heterologous reactions of the y-globulin fraction suggested that the latex test is inhibited by other serum fractions. This conclusion was supported by the fact that addition of normal serum or concentrated serum albumin to the y-globulin fraction of a PVX-antiserum caused a decrease in titre. 
Homologous and heterologous reactions of 18 antisera to viruses in the PVX group #~ the latex test
Reactions with isometric viruses
The results of tests with APLV, BMV and TYMV and their respective antisera are listed in Table 4 . With the latex test much higher homologous titres were observed than with the double-diffusion test. With APLV-antiserum no. 2 and TYMV-antiserum no. I the titre increase was 300-fold. Heterologous reactions were observed between each virus and some, but not all, antisera to the other two. No reactions occurred with the control antisera and the antigen-coated latex preparations listed in Table I 
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The homologous and heterologous reactivities of complete and fractionated antisera were compared in the double-diffusion and latex tests (Table 5) . Again, the y-globulin fractions reacted heterologously in the latex test although their homologous titres were relatively small. In further experiments we found that one antiserum against TYMV with a homologous titre of I/Z56 reacted with BMV in the agar diffusion test when used undiluted. The possibility that the observed serological relationship was actually due to contaminating plant proteins was excluded by testing this antiserum by immunoelectrophoresis. 
DISCUSSION
In Fig. I an attempt is made to explain the mechanism by which virus indirectly adsorbed on to latex enables small amounts of antibody to be detected. Latex particles are first coated with antibody ( Fig. I a) . The virus is then applied in such an excess that the simultaneous reaction of virus particles with antibodies on different latex particles -which would lead to flocculation -becomes impossible, because all available sites on the adsorbed antibodies are saturated ( Fig. I b) . Addition of free antibodies, however, leads to the flocculation of system because these antibodies are able to react simultaneously with virus bound to different latex particles ( Fig. I c, arrows) . Because the latex particles are much larger than the antigen or antibody molecules, small amounts of antibody are sufficient to cause visible flocculation.
The data presented in the tables show that, compared with conventional serological tests, the latex test enables considerable increases in homologous titre to be achieved with all three kinds of antiserum preparation. In contrast, some heterologous titres were increased only moderately or not at all when unfractionated antisera were used; however, in spite of the low antibody content of the y-globulin fractions, heterologous reactions were increased and were sometimes observed even when the unfractionated sera with much higher homologous titres did not react. This suggests that unfractionated sera contain proteins which interfere with the latex test. This also probably explains why heterologous titres do not increase as much as homologous titres in the latex test: in heterologous combinations the antisera are used at low dilutions and the interfering proteins are therefore present in large concentrations, whereas in homologous combinations the reverse is true. We suggest that with y-globulin fractions containing greater concentrations of antibodies than those used in our experiments even better results can be achieved with the latex test.
The indirect adsorption of virus onto latex via antibodies has the advantage that the likelihood of unwanted reactions with normal host constituents is small. This is because the antisera used to coat the latex particles are greatly diluted, which minimizes the likelihood of adsorption of antibodies against antigens other than virus. The system should therefore selectively adsorb the homologous virus, even when only partially purified virus preparations are used.
The new method corroborates our previous observations with viruses of the PVX group because of the large heterologous titres obtained in some tests and the absence of reactions in the control experiments.
The potential of the latex test, however, becomes particularly clear in the detection of serological relationships among TYMV, APLV, and BMV. Gibbs et al. 0966) did not find a serological relationship between APLV and TYMV; nevertheless the APLV group was considered a subgroup of the TYMV group, because both groups have many properties in common. Jankulowa et al. 0968) found a serological relationship between BMV and APLV, but not between these two viruses and TYMV. Further observations on the serological relationships in the TYMV group will be discussed in a later paper.
Our results not only further justify the classification proposed by Gibbs et al. 0966), they also provide further evidence that serological and other properties are usually in agreement. The latex test may make it possible to detect distant serological relationships among other isometric or elongated viruses.
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